ABSTRACT -Phthalates, such as butyl benzyl phthalate (BBP), di-n-butyl phthalate (DBP), and their known to obstruct normal development in mammals. BBP and DBP have been reported to have estrogenic activity, while MBP and MBzP exhibit weak or no estrogenic effects. We previously showed that BBP and DBP have inhibitory roles on nicotinic acetylcholine receptors. Nicotinic acetylcholine receptors are widely distributed and have roles in developmental processes. In this study, the effects of BBP, DBP, induced [Ca 2+ ] c increase, the IC 50 s of BBP, DBP, MBzP and MBP were 3.41, 5.01, 432 and 695 microM -2+ ] c increase, the suppression was less than --cium signaling pathway coupled to nicotinic receptors.
INTRODUCTION
Phthalates (benzenedicarboxylic acid esters) are primarily used as plasticizers added to PVC to make it soft and elastic. Since phthalates are not chemically bound to the PVC polymer, up to 1% of all phthalate content in PVC products is readily leached out into the environment each year. Because of the extensive use of phthalates in consumer products and medical devices, phthalates have been described as the most abundant man-made environmental pollutant (Schulz, 1989) . Phthalates raise public concern because they are generally viewed as endocrine disruptors mimicking or blocking hormonal effects. Butyl benzyl phthalate (BBP) is one of the most potent competitors of estradiol for binding to the estrogen receptor (Zacharewski et al carpet backing, adhesives, sealants and vinyl foams (Furtmann, 1996) . Human exposure to BBP (primarily from the ingestion of foods) has been estimated to range concentration of BBP, most likely from its use in home 3 (Sheldon et al., 1992) . In addition to the frequent direct contact to BBP, the cumulative property of BBP in adipose tissue further increases its potential danger to humans.
BBP obstructs normal development in mammals; specifically, male reproductive systems appear to be more sensitive to phthalate-induced testicular toxicity during developmental stages (Mylchreest et al., 1998) . BBP and its metabolites are listed as carcinogens by the National -cinogenic potential of BBP and its metabolites are thought to result from activating peroxisome proliferators-activated receptors and binding to peroxisome proliferators response elements (Willhite, 2001 ; Hurst and activity through the estrogen receptor, the metabolites of BBP have little or no estrogenic activity (Picard et al., 2001) . Five metabolites of BBP have been identified:
3) mono-benzyl phthalate (MBzP), 4) benzoic acid et al., 1986; Mikuriya et al MBP and MBzP have been described as the most potent metabolites with respect to developmental toxicity. MBP and MBzP have been shown to have no estrogenic potency, but nevertheless exhibit developmental toxicity. Other cellular mechanisms, in addition to competitive estrogenic effects, might be involved.
We previously described inhibitory effects of phthalates on calcium signaling coupled to nicotinic acetyl --et al., 2002, 2003, 2004) . BBP and di-n-butyl phthalate (DBP) were the most potent phthalates to suppress caldistributed and play critical roles in brain and body functions, as well as in developmental processes (Sargent, 1993 ). In the current study, we investigated the effects of BBP, DBP and their metabolites (MBzP, MBP and
MATERIALS AND METHODS

Chemicals
n-propyl phthalate (DPrP, 98% pure), DBP (98% pure), di-n-pentyl phthalate (DPP, 98% pure), di-n-hexyl phthalate (DHP, 98% pure), dicyclohexyl phthalate (DCHP, 99% pure), di---ny. 1,1-dimethyl-4-phenyl-piperazinium iodide (DMPP), carbachol, epibatidine, methacholine, digitonin, deoxyri- , 1985) . Rmax was achieved by adding 0.01% digitonin to the cuvette at the end of experiments; 2+ for fura-2 was used. Phthalates were prepared as stock in DMSO and added to the cells at various concentrations containing DMSO less than 0.25%. ed to their chemical structures. We demonstrated that the phthalate diesters were more potent than monoesters.
ty of phthalates with two ester branches as compared to one ester branch are increased, which might be important another dominant structure and was shown to be more potent than the alkyl group, as suggested by the following: 1) BBP was more potent than DBP and 2) MBzP was more potent than MBP. BBP has a benzyl ring and a butyl group, as compared to DBP with two butyl groups. MBzP has a benzyl ring as compared to MBP with an -et al et al., 2003) . MBzP is more potent than MBP in competing with estradiol binding to estrogen receptors, although the effects are both very weak (Picard et al., 2001) . In MBzP also exerted higher suppression than MBP. We pre- et al -formation produced by MBP and MBzP is similar to that produced by BBP and DBP, thus MBP and MBzP may be responsible for the production of developmental toxic effects of BBP and DBP. However, MBP and MBzP, reported as having little or no estrogenic activity, are different from BBP and DBP, which have estrogenic activity (Picard et al., 2001) . In this study, we showed that MBP and MBzP, similar to BBP and DBP, exhibited potency
We suggest that developmental toxicity of BBP and DBP be one possible target involving such developmental toxicity.
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